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Abstract 
Pulverizing system equipped by fan mills uses “three medium” (ie. low-temperature furnace smoke, high-temperature 
furnace smoke, hot air) for drying coal, especially in large-scale plants burning lignite. A constantly increasing unit 
capacity leads to a more complicated design for pulverizing system, with a heavier weight of furnace smoke tube. 
This paper focuses on a research of water-cooled membrane flue tube instead of traditional inner and outer insulation 
tube through experiments like changing water side parameters to replace the low-temperature flue pipe from “three 
medium” to “two medium” (ie. adjustable-temperature furnace smoke, hot air). This paper studies heat transfer 
coefficient of water-cooled furnace smoke pipe at different flow rate and flue gas temperature though a established 
water-cooled furnace smoke pipe test bed. It is using a certain mathematic method to obtain dimensionless 
relationship among Nu, Re, Pr and obtain the dimensionless rule equation of water-cooled furnace smoke tube. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Preface  
Lignite power generation is one of the priorities of thermal power generation for our country for future 
development. It has a great significance for taking full advantage of our low quality coal resources, easing the tension 
high quality coal resources, optimizing the structure of the coal energy industry. In directly pulverized system of fan 
mill of large lignite boiler, the way of two or three medium is generally used for drying coal which flows into the fan 
mill. Of which the medium refers to the hot air+ furnace smoking, three medium refers to the high-temperature flue 
gas + hot air + cold furnace smoking, it can be seen the smoke from the furnace is essential for choosing desiccant. At 
present, the domestic power plants to use more in the form of inner insulation and outer insulation, and the flue gas 
temperatures is up to above 1000ć. However, there are many problems in high-temperature flue pipe. Design unit 
lacks of design tools, and investment, poor operating conditions, maintenance workload.  
For these reasons, this paper transplants the type of water wall heating surface to the insulation of high
temperature gas pipeline. This will not only solve the insulation of the high-temperature flue gas, but also can reduce 
heat loss and reduce the weight of insulation structure. The temperature distribution, heat transfer intensity and some 
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other issues of gas pipeline will be known through the experiment, so as to provide a strong transformation of 
engineering theoretical basis. 
2.Experimental Setting 
2.1.Experimental device setting  
Taking a 660MW power plant unit two medium milling system used high-temperature “two medium” as drying 
medium temperature fan straight pulverizing mill membrane heat pipe system as the research object, high-
temperature lignite boiler membrane flue tube model have been made for experiment. Location and physical length of 
the scale model is 1:8. Flue gas inlet pipe diameter is 300mm and length is 3000mm. Model test pipe structure is 
shown in Figure 1. 
The cooling water sub-loop of water-cooled flue tube is formed by a number of these sub-loops which share a 
couplet box and import and export pipelines. It is note that whether real or model each loop should try to balance the 
resistance. Otherwise it will causes uneven water in each loop, and the temperature deviation is too large, and even 
local hot spots and so on. 
As the large pipe flow Reynolds number of the prototype, the section flow is close to the uniform distribution of 
velocity and turbulence reaches a mature stage and goes into the resistance of the square area. Resistance and inertia 
forces are proportional to the square with the flow. In this way, the model is designed from the constraints of model 
law. Model is required to maximize the flow of Reynolds number to make it also entering the square area resistance. 
For this reason, when a number of similarity within a certain range of values, flow similarity and number of the 
criteria is irrelevant. It means that even if the prototype and model number of the criteria values are not equal, the 
flow remained similar, flow went into the automatic model area of the Criterion Number, and then the condition of 
thermal similar is met. 
Test bed system also includes the following components: the air system, combustion system, testing pipe, water-
cooled system, and flow, pressure, temperature measurement system components, as is shown in Figure 2. 
1-Ring header˗2-Connecting pipe˗3-Removing the insulation layer 
Figure 1. Test pipe structure  
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1 - blower; 2 - air conditioning at the gate; 3 - nozzle; 4 - combustion chamber; 5 - Test pipe section 1; 6 - Test pipe section 2; 
7 - Fan flapper; 8 - Fan; 9 - water tank; 10 - inlet valve; 11 - meter; 12 - pipeline pump; 13 - Vortex flowmeter; 14 - cooling water 
pressure gauges; 15 - imported water; 16 - downstream water gate; 17 - downstream water gate; 18 - countercurrent water gate; 19 - 
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countercurrent water gate; 20 - cooling water regulating gate; 21 - trench; 22 - outlet water temperature; 23 - liquefied petroleum gas; 
24 - valve; 25 - gas regulator valve; 26 - powder hopper; 27 - Powder Feeder; 28 - thermal insulation; 29 - insulating layer; 30 - 
exhaust valve; 31 - data acquisition; 32 - computer 
Figure 2. Water-cooled furnace pipe test bed system diagram  
The import and export flue gas temperature distribution is similar. As with the stability of viscous fluid, it is 
usually only guaranteed part of the import and export geometrically similar. For the medium temperature, import and 
export and the wall distribution of the flow in the model has little effect on the total flow. 
2.2.The choice of experimental medium device setting  
In this paper, the media is coming from a burning lignite boiler in a power plant. Its Industrial analysis is as 
follows: moisture as received 32.8%, surface moisture 28%, ash Aar = 9.49 ~ 16.34%, Qnet.ar =13.57 ~ 15.75MJ/kg. 
Smoke generated from liquefied petroleum gases mixed with part of ash is used as the test medium to simulate. It 
flows longitudinally though the test pipe. The features of LPG are shown in Table 1. 
 As smoke generated from liquefied petroleum gases mixed with part of ash flows longitudinally though the 
test pipe, physical parameters of the medium is basically not changed. Therefore, the kinematic viscosity can be 
approximately equal, and the Froude number is similar to the similarity in the flow. 
3. Analysis of Experimental Data  
3.1.Smoke factors of Heat Transfer Coefficient  
x Flue gas flow rate  
Through experiment in the test that the flue gas and smoke have the same flow direction and guarantee the 
cooling water inlet temperature is 17 ć, respectively measured in the flue gas flow rate 9m / s, 12m / s, 15m / s, 18m 
/ s, 21m /s , cooling water and flue gas with the flow, one inlet temperature is 17 , outlet temperature about 70 , ć ć
and to ensure the test pipe imports of flue gas temperature at 1050 , 1000 , 950 , 900 , 850  measured at ć ć ć ć ć
the test pipe exit flue gas temperature and the time required cooling water. Different heat transfer coefficient of flue 
gas flow rate and cooling water needed were obtained though data processed and calculation. The features of LPG are 
shown in Table 1.  
TABLE I. COMPOSITION AND CHARACTERISTICS OF LIQUEFIED PETROLEUM GAS 
Type of gas 
Volume fraction of component
˄%˅ Standard state of the density 
0U ˄kg/m3˅
Low calorific 
value of the 
standard state 
Qnet,ar (kJ/m3) C3H8 C4H10 
LPG
50.0 50.0 2.35 108199 
                 
a) The impact on heat transfer under different smoking speed               b) Cooling water required under different smoking rate
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Figure 3. Gas flow rate on heat transfer and the change of cooling water  
                                       
a)  The influence on heat transfer under different flue gas temperature  b) Cooling water required under different smoking 
temperature  
Figure 4. Different flue gas temperature on heat transfer characteristics and the changes in cooling water 
It can be seen directly from the picture with the increase of gas flow rate, all imports of flue gas temperature 
corresponding to the heat transfer coefficient increased, heat generated per unit time increased, the demand for 
cooling water increased. The higher imports of flue gas temperature, the more cooling water is needed. 
x Flue gas temperature 
In order to clarify the effects of gas temperature on heat transfer characteristics, the influence of 
different import flue gas temperature on heat transfer characteristics has been done in the test bed in this 
paper. The changing of flue gas temperature on heat transfer characteristics of test pipe can be obtained by 
comparing the same gas flow rates at different inlet gas temperature when imported smoke is between 
1050 ~ 850 ć, and the test pipe exit flue gas temperature is between 600 ~ 800 ć. It is shown in Fig 4. 
Fig 4 shows that when the export gas temperature is in the changes between 1050 ~ 80 , the corresponding heat ć
transfer coefficient changed slightly, and the experimental conditions corresponding to the cooling water will not 
change much at the same gas flow rate. 
x Flue gas flow direction 
In the test bed, several groups of the heat transfer characteristics have been made under upstream and downstream 
states. The results shows delayed flow has little effect on heat transfer (Fig 5). As the test pipe is only 3m long and 
the length is limited, the exports cooling water temperature has little impact on heat transfer. 
Figure 5. The influence on heat transfer of the medium fluid flow direction 
3.2.The export of criterion equation 
Nu Seer criterion number Nu can be calculated from the average heat transfer coefficient,  
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Formula: K --- water flue heat transfer coefficient, W / (m2 • ); ć ed --- the equivalent diameter of the flue 
temperature, where the water is approximately equal to the center of the furnace pipe diameter, m; O --- gas thermal 
conductivity, W / (m • ).ć
                               
v
ud H Re                                     (4)
Formula: u --- flue gas velocity, m / s; ed --- equivalent diameter of high-temperature flue pipe, where the water 
is approximately equal to the center of the furnace pipe diameter, m; Q --- gas kinematic viscosity, m2/s.
TABLE II. CURVE FITTING RESULTS TABLE UNDER VARIOUS INLET GAS TEMPERATURES
Coefficient c Index n Relevant index R2 Chi2/DOF 
0.58 0.5291 0.98657 6.88314 
Table Ċshows that whether considering the temperature or not, the values of the index and the 
coefficient of criterion equation are similar and the different is very small. This shows that the assumption 
ignores the impact of temperature is feasible, and the correlation coefficient is equal to 0.98657, while the 
quotient between the business side and the degrees of freedom Chi2/DOF is 6.88314 is also within the 
allowed scope. 
Therefore, the relationship of heat transfer characteristics of film high-temperature flue pipe can be 
expressed as: 
4.05291.0 PrRe58.0 Nu
Which is curved out when the Re is in the range of 10424.5~10488.1Re uu .
4.Conclusions 
According to experiment and test from the experimental pipe of a 660MW coal power plant under 
design coal, we can come to these conclusions: 
when import of flue gas temperature is in 1050 ~ 850 ć, and exit flue gas temperature is in 800 ~ 
600 ć, the change of heat transfer coefficient is not significant at the same flue gas flow rate; In the case 
of certain imports of flue gas temperature, the change of heat transfer coefficient is great under different 
flue gas flow rate. 
According to these data from several thermal model test measurement point bases on these conditions 
which include different gas flow rate, different inlet gas temperature, different flow direction of the exit 
gas temperature of the medium, required cooling water, the cooling water outlet temperature, etc, the 
model and the actual object transfer character is coincident after considering dirt and dust resistance of 
the influencing factors.  
 Medium flow direction on heat transfer is very small, and can be ignored. 
Based on the results of thermal model experiments, the curve between Nu ǃ Reǃ Pr  can be 
curved out under different flue gas temperatures by using least squares method, and the coefficient c and
index n  can be found. 
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